Introduction
This paper proposes a method in which location of a person is estimation with one active camera in real-time. Our method has two main features. In order to overcome issues come from security system whose cameras are always set on the ceiling, our system set the camera at lower position to be able to take the face of persons with high resolution. Moreover, based on the taken pictures, our system can estimate the location of the persons including his/her walking routes in real-time. Predicted route is useful for knowing person's behavior easily.
The approach taken in this paper is as follows. First, we detect the person region with proposed method which is the region detection method based on short time distribution of the density to avoid the influence of the camera movement. Then we obtain his height and the gravity point. The rotate angle and the distance between the person and the camera are calculated by the information of the height and the gravity point.
Region Detection
Generally, the background subtraction method and frame difference method are well-known methods for detecting moving object. The first one is not suitable when the camera rotates, as it is difficult to define the background frame. In the condition that the camera rotates, the latter method is suitable. But this method is weak for the noise.
The proposed method is based on the frame difference method using information of short time distribution of the density. The detail of our method is as follows. (1) In order to remove the influence of the movement of the background caused by the rotation of the camera, the LMedS estimation method is applied. (2) The short time distribution of the density is obtained in the past several frames. (3) The different value of the average and the mode of distribution of the target pixel are calculated, and it is classified into moving pixel and background pixel.
Compared with traditional methods, we confirmed that the proposed method obtained well detection result.
Location Estimation
The height h, which is the height of the detected region is transformed into the distance d between a person and the camera using the relation between the actual distance [cm] and the height [pixel] in the image. This relation is obtained in the preliminary experiment. The direction of the person corresponds to the rotate angle θ, and this value is the difference between the x-coordinate Gx of the gravity point and the center Cx of the image.
The estimated location is calculated with d and θ. Furthermore, the walking route of the person is obtained from the plotted location of each frame in 2D map.
Experiment
In order to estimate the proposed method, we had some experiments with several examples. One of the results is shown in Figure 1 . The dotted line is the route which the person walks. The solid line is the estimated route. We observed the error distance of the actual route and estimated route, and we obtained that the average error distance is less than 12[cm]. The average error distance is small enough in comparison with shoulder width of the persons. Our method can estimate the location in real-time. 
Conclusion
We presented a real-time method for estimating the location of a person with an active camera. Experiments were carried out with several scenes, and good estimated results were obtained. In addition, from the estimated location, the walking route was obtained. Our system can get good estimated locations including right routes, as shown at several examples described above. * * * Real-Time Person Localization System with an Active Camera Naoya Ooshima * , Non-member, Takeshi Saitoh * , Non-member, Ryosuke Konishi * , Member
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